
and fire departments, which were required in at least 
26 instances, fought the 15 equipment fires and other large fires 
with foam, dry chemical powder, and water. 

The igmtion sources causing most of the fue injuries were 
flame cutting/welding sparkislaglflames (44 injuries), hydraulic 
fluidfuel sprayed onto equipment hot surfaces (22 injuries), 
flammable liquids on hot surfaces (7  injuries), and heat sources (7 
injuries). The equipment most often involved included oxyfuel 
torches, mobile equipment, and heaters. The most common 
locations where fire injuries occurred were flame cutting/welding 
areas, mobile equipment working areas, and maintenance areas. 

Fires and fire injuries decreased during most of the periods 
(an increase is seen during 1994-1995). This was accompanied 
by a decline in employees' working hours throughout the periods 
and an increase in coal production during most of the periods. 
The Irr and Frr values follow patterns similar to those shown by 
the injury and fire values (see table 20 and figure 8). 

4. At coal preparation plants. 91 fires occurred; 23 of the 
fires caused 25 injuries (Ewhr = 24 1 x 1 O6 hr, Irr = 0.02 1, LWD 
= 198). The leading ignition sources (table 2) were spontaneous 
combustionihot coal (15 fires or 17%), flame cutting/welding 
sparkislag/flames (15 fires or 17% with 8 injuries), hydraulic 
fluidlfuel sprayed on equipment hot surfaces (10 fires or 11% 
with 6 injuries), and conveyor belt friction (9 fires or 1 1% with 
1 injury). In all, 13 fires destroyed or heavily damaged equip- 
ment (including four pieces of mobile equipment) because of 
failure of other firefighting methods, late fire detection, or 
undetected fires. Thirty-two fires were detected late by smoke, 
and seven fires were undetected. The flame cuttiridwelding 
sparWslag/flame source caused fires usually involving welders' 
clothing or oxyfueVgrease (grease embedded in the equipment's 

mechanical components). However, in one instance undetected 
hot slag caused a storage facility fire. The spontaneous 
combustion/hot coal fires were detected long after they had 
started (usually by coal removal, gas sampling, or smoke) due 
to lack of continuous and early combustion gaslsmoke detection 
systems. Two ofthe hydraulic fluidfuel fires became large fires 
because of the continuous flow of fluidfuel from the pumps due 
to engine shutoff failure, lack of an emergency hydraulic line 
drainage system (the flow of pressurized fluids entrapped in the 
lines was not affected by the engine shutoffoperation), difficulty 
in activating available emergency systems at ground level, or 
lack of effective and rapid local fire response capabilities (none 
of the equipment involved in fires had a machine fire sup- 
pression system). In at least two instances, the cab was suddenly 
engulfed in flames, forcing the operators to exit under hazardous 
conditions, probably due to the ignition of flammable vapors 
and mists that penet~ated the cab. Fire brigades and fire depart- 
ments (required in at least nine instances) fought the equipment 
fires and other large fires with foam, dry chemical powder, and 
water. 

The equipment most often involved in fire injuries included 
oxyfiel torches, mobile equipment, heaters and maintenance 
equipment, and dust collectors and samplers. The most common 
locations where fire injuries occurred were flame cuttingl 
welding areas, mobile equipment working areas, maintenance 
areas, and dust collector areas. 

Fires decreased during most of the periods (an increase is 
seen during 1998-1 999). The data on fire injuries show de- 
creases followed by increases during the periods, accompanied 
by a decline in employees' working hours throughout the 
periods. The Irr values follow patterns similar to those shown 
by the injury values (see table 24 and figure 1 1). 

CONCLUSIONS 

During 1990-1999, a total of 458 fires occurred in all coal 
mining categories; 157 of those fires caused 164 injuries and 
2 fatalities. The greatest number of fues and fire injuries 
occurred at surface mines, whch also had the highest risk rate 
values. A total of 66 fuefighting interventions were required. 
Of these, there were 25 mine rescue team interventions 
in underground mines, including 5 mobile equipment firefight- 
ing interventions, and 41 fire brigade and fire department 
interventions at all surface operations, including 19 mobile 
equipment interventions. In all, 50 fires destroyed or heavily 
damaged equipment (including 16 pieces of mobile equipment) 
because of failure of other firefighting methods, late fire 
detection, undetected fires, or fire size. A total of 1 14 fires were 
detected late by smoke, and 42 fires were not detected. 

In the future, coal mine fires might be prevented or detected 
and extinguished at their earliest stage by adopting 
existing/irnproved technologies andor  by developing new 
technologies. Several strategies for reducing the number of fires 
and fire injuries follow. 

1. Adopt existing/improved safefyprocedures and develop 
new technologies forjlarne cutting/welding operations. Require 
safety training for welders (including contractors) working in 
gaseous en vironrnents. 

At all coal operations during 1990-1999, flame cutting/ 
welding operations caused 102 fires (22% of total fues with 
69 injuries). These fires usually involved welders' clothing or 
oxyfuel/grease (grease embedded in the equipment's mechanical 
components). However, in two instances sparkshot slag/flames 
caused methane ignitions followed by large fires (one of these 
fires required firefighting interventions and mineisectionffacility 
evacuation and sealing), in six cases undetected hot slag caused 
coal belt fires, in one instance undetected hot slag caused a 
storage facility fire, in another instance undetected hot slag 
caused a large coal fire that required firefighting intervention 
and mine evacuation and sealing followed by a methane 
explosion, and in another instance undetected hot slag caused a 
coal chute smoldering fire, which, upon water application; 



produced a flashback accompanied by a gas explosion (causing 
one fatality), which required firefighting interventions and 
minelsection evacuations. By adopting existinglimproved safety 
procedures, the flame cuttinglwelding fires due to the ignition of 
oxyfueVgrease might be prevented. By developing new tech- 
nologies to contain sparkslslag, the flame cuttinglwelding fires 
due to sparks and hot slag might also be prevented. 

2. Arlopt existing/improvecl inspection programsfbr nlobile 
equipment hjvlraulic, c~lcctriccrl, and fuel systems. Atfopt an 
optimcrl ground It~vc4 loctrtion for the activation of emergency 
systems. Devc7lop nt7w emrrgmcy technologies for enginc/pump 
shutox hydraulic line drainage, line safeguarrls, and fire bar- 
r i e r~ .  Develop rapid equipment/cab fire rletection and effective 
fire prevention/suppression systems. Develop effective anrl rapicl 
localfirefighting capabilities. Schedulc morefieqlrentfire emer- 
gency prclparedness trcrining for equipment operiitors. 

At all coal operations during 199G1999, there were 98 
(2 1 %of  total fires with 29 injuries) mobile equipment hydraulic 
fluidfuel fires (mostly at surface operations) and 12 equipment 
electricnl fires in underground mines, which in at least one 
instance affected the hydraulic lines. Most of the hydraulic 
fluidlfuel fires became large fires because of the continuous flow 
of fluidfuel from the pumps due to engine shutoff failure, flow 
of pressurized fluids entrapped in the hydraulic lines (not 
affected by the engine shutoff operation), d~fficulty in activating 
emergency systems at ground level, or lack of effective and 
rapid local firefighting capabilities. Of note is that most of the 
hydraulic fluidfuel fires were caused when hydraulic fluids 
sprayed onto equipment hot surfaces; subsequently, these fires 
involved the fuel lines. In at least seven instances the cab was 
suddenly engulfed in flames, probably due to the ignition of 
flammable vapors and mists that penetrate the cab during the 
spraying of pressurized hydraul~c fluid onto equipment hot 
surfaces. Also. most of the mobile equipment electrical fires be- 
came large fires because of unavailability of effective machine 
lire suppression systems, lack of an emergency hydraulic line 
drainage system, or lack ofeffective and rapid local firefighting 
capabilities. In all, 10 pieces of mobile equipment involved in 
fires had machine fire suppression systens. Dual activation (six 
activations) of machine fire suppression and engine shutoff 

systems succeeded in abating the fires, but the flames reignited, 
fueled by the flow of fluids entrapped in the lines (not affected 
by the engine, or motor, shutoff operation). 

By adopting existinglimproved mobile equipment inspection 
programs, hydraulic line and electrical cable wear and tear might 
be detected early, thereby preventing hydraulic fluidfuel and 
electrical cable fires. By adopting an optimal location for 
ground level activation of machine fire suppression and engine 
shutoff systems, these emergency operations might be performed 
safely and in a timely manner, thus stopping the continuous flow 
of fluidfuel from the pumps. By developing new technologies 
for the emergency draining of pressurized fluids entrapped in 
lines, the hydraulic fluid fires might not reignite, thus allowing 
the operators to exit the cab safely. By developingladopting cab 
fire detection and cab fire inertindsuppression systems, the cab 
fires might not occur. By preparing local miners to fight mobile 
equipment fires, when detected, with large, contained quantities 
of suppressant agents on vehicles for ease of deployment to the 
fire site, these fires might be extinguished in their early stage. 

3. Arlopt existing/improvecl continuous ant1 early com- 
bustion gas/smoke detection systems. 

At all coal operations during 199G1999, there were 7 1 ( 1  6% 
of total fires) spontaneous combustionhot coal fires involving 
goblines, sealed and abandoned areas, coal silos, coal chutes, dust 
collectors, and beltlines. The spontaneous combustion/hot coal 
fires were usually detected late due to lack of continuous and early 
combustion gasismoke detection systems; however, twice they 
were accompanied by methane explosions. By adoptlng existing 
continuous and early conibustion gaslsmoke detectionsystems, the 
spontaneous combustionhot coal fires might be detected and 
suppressed at their earliest stage. 

4 .  Adopt existing/ittiproved technologies to nlonitor 
ccluipmet~t opcr.crtions. 

At all coal mining operations during 1 9 9 0  1999, there were 
30 fires (7'% of total fires with 6 injuries) caused by the 
operational failure of beltlines, drives, and pulleys. By adopting 
existingiimproved technologies to monitor equipment opera- 
tions, failures might be detected early, thereby preventing these 
types of equipment fires. 
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